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KDQGLQFRUSRUDWLQJQHZPHWKRGRORJLHVLQH[LVWLQJFRPPHUFLDOSDFNDJHVPLJKWLPSO\PRGLILFDWLRQVRIWKHVRIWZDUH
DUFKLWHFWXUHDQGVLJQLILFDQWLQYHVWPHQWVE\VRIWZDUHFRPSDQLHV2QWKHRWKHUKDQGWHFKQLFLDQVDUHRIWHQUHOXFWDQWWR
FKDQJH WKHLUFRQVROLGDWHSUDFWLFHV LQ IDYRURIQHZWRROVDOWKRXJK WKH\ZRXOGSHUPLWPRUHDGYDQFHGDQG WDUJHWHG
UHVSRQVHV WR WHFKQLFDO SUREOHPV$OO WKLVPDNHVGLIILFXOW WKH WUDQVIHU RI UHVHDUFK DFKLHYHPHQWV WRGDLO\ UHDO VFDOH
DSSOLFDWLRQV:'1HW;/V\VWHPZZZK\GURLQIRUPDWLFVLWKDVEHHQGHYHORSHGWRILOO WKLVJDSHQWDLOLQJDUHVHDUFK
WUDQVIHUSDUDGLJPZKLFKPDNHVUHDGLO\DYDLODEOHWKHPRVWDGYDQFHGDQDO\VLVDQGGHFLVLRQVXSSRUWPHWKRGRORJLHVLQWR
DZRUOGZLGHNQRZQGDWDPDQDJHPHQWHQYLURQPHQW ([FHO LQ0LFURVRIW2IILFH06([FHO >@ ,Q WKLVPDQQHU
LQWURGXFLQJ WKH PRVW UHFHQW FRQWULEXWLRQV LQ:'1HW;/ WR HIILFLHQWO\ VROYH WHFKQLFDO SUREOHP FDQ EH SHUIRUPHG
TXLFNO\ZLWKRXWWKHQHHGRIFKDQJLQJWKHVRIWZDUHDUFKLWHFWXUHZKLFKLV06([FHODQGDOORZLQJDUDSLGUHVHDUFK
WUDQVIHUHYHQIRUHGXFDWLRQDOSXUSRVHV
:HKHUHSUHVHQW:41HW;/ZKLFK LV D V\VWHP WRRO IRFXVHGRQZDWHU TXDOLW\ DQDO\VHV IRU:'1V VLPLODUO\ WR
:'1HW;/:41HW;/LVLQWHQGHGWRSHUIRUPDUDSLGUHVHDUFKWUDQVIHULQRUGHUWRPDNHDYDLODEOHHQKDQFHGIXQFWLRQV
IRUZDWHUTXDOLW\DQDO\VHVDJHWUDFHRIWKHZDWHUDQGWUDQVSRUWRIUHDFWLQJVXEVWDQFHZKLFKDUHWKHEDVHRIHQKDQFHG
IXQFWLRQIRUPDQDJLQJK\GUDXOLFV\VWHPZDWHUVHFXULW\TXDOLW\
,WLVZRUWKQRWLQJWKDWZDWHUTXDOLW\DQDO\VHVDUHEDVHGRQQHWZRUNK\GUDXOLFVDQGNLQHWLFVRIWUDYHOOLQJVXEVWDQFHV
WKHUHIRUH:41HW;/FDQWDNHEHQHILWRIWKHDGYDQFHVLQK\GUDXOLFPRGHOOLQJDQGV\VWHPDQDO\VLVRI:'1HW;/EHLQJ
GHYHORSHGLQWKHVDPHSDUDGLJPDQGXVLQJWKHVDPHEDVHRIGDWD
7RWKLVSXUSRVHLWLVWRUHFDOOWKDWZDWHUTXDOLW\LVJHQHUDOO\SHUIRUPHGHJLQ(3$1(75RVVPDQ>@
XVLQJWKHFODVVLFGHPDQGGULYHQDQDO\VLVLHWKHQRGDOGHPDQGVDUHFRQVLGHUHGIL[HGDSULRULLQWKHK\GUDXOLFPRGHO
1HYHUWKHOHVVDPRUHUHDOLVWLFSUHGLFWLRQRIWKHEHKDYLRURI:'1VQHHGVWRFRQVLGHUWKHGLIIHUHQWFRPSRQHQWVRI
GHPDQGVDFWXDOO\SUHVHQWLQDOOWKHQHWZRUNVVHH*LXVWROLVLDQG:DOVNL>@IRUIXUWKHUGHWDLOV)RUH[DPSOHFXVWRPHU
EDVHGGHPDQGVDQGEDFNJURXQGOHDNDJHVDUHDOZD\VH[LVWHQWLQWKHK\GUDXOLFV\VWHPVWKHUHIRUHLWLVPDQGDWRU\WR
PRGHOZDWHUTXDOLW\HJFRPSXWLQJWKHZDWHUDJHRUWKHDPRXQWRIVXEVWDQFHUHDFKLQJIDXFHWVPRUHUHDOLVWLFDOO\
XVLQJHQKDQFHGK\GUDXOLFDQDO\VHV
,QSDUWLFXODU WKURXJK WKH IXQFWLRQERWK IRUHQKDQFHGK\GUDXOLFVDQGV\VWHP WRSRORJ\DQDO\VHVDOUHDG\EXLOW LQ
:'1HW;/:41HW;/PRGHOVZDWHUTXDOLW\FRQVLGHULQJ
x EDFNJURXQGOHDNDJHVXVLQJ*HUPDQRSRXORV¶PRGHO>@
x SUHVVXUHGHILFLHQWFRQGLWLRQVIRUVDWLVIDFWLRQRIFXVWRPHUV¶ZDWHUUHTXHVWVXVLQJ:DJQHUV¶PRGHO>@
x PXOWLIORRURULILFHVLQRUGHUWRFRQVLGHUPXOWLIORRUEXLOGLQJV>@
x SULYDWHWDQNVILOOLQJHPSW\LQJSURFHVV>@
x IORZFRQWUROGHYLFH>@
x SUHVVXUHFRQWUROGHYLFHVDQGYDULDEOHVSHHGSXPSVDOVRUHPRWHO\FRQWUROOHG
x QHWZRUN K\GUDXOLFV DV D FRQVHTXHQFH RI SLSH IDLOXUHV FRQVLGHULQJ WRSRORJLF FKDQJHV GXH WR YDOYH
VKXWGRZQV>@
:H KHUH SUHVHQW WKH ILUVW YHUVLRQ RI:41HW;/ ZKLFK LV GHYRWHG WR HQKDQFH ZDWHU TXDOLW\ DQDO\VHV WKURXJK
HQKDQFLQJK\GUDXOLFV7KLVLVWKHEDVHIRUWKHGHYHORSPHQWRIGHVLJQDQGPDQDJHPHQWIXQFWLRQVFRXSOLQJHIIHFWLYH
DQGDGYDQFHGZDWHUTXDOLW\DQDO\VHVDQGRSWLPL]DWLRQSURFHGXUHVGULYHQE\VSHFLILFFRVWEHQHILWREMHFWLYHV
,QRUGHUWRVKRZWKHDQDO\VHVIHDWXUHWKH$SXOLDQQHWZRUNZDWHUDJHDQGWUDFHLVFRPSXWHGLQDIDLOXUHVFHQDULR
+\GUDXOLFVRIZDWHUGLVWULEXWLRQQHWZRUNV
$VWHDG\VWDWHVLPXODWLRQPRGHOUXQLVDVQDSVKRWUHSUHVHQWLQJWKHDYHUDJHEHKDYLRURIWKHUHDOK\GUDXOLFV\VWHP
LQDWLPHLQWHUYDO'77KHK\GUDXOLFV\VWHPLVWKHQVXSSRVHGWREHLQDVWHDG\VWDWHFRQGLWLRQGXULQJ'7
$QH[WHQGHGSHULRGVLPXODWLRQ(36PRGHOUXQLVDVHTXHQFHRIVWHDG\VWDWHVQDSVKRWVRIWKHK\GUDXOLFV\VWHP,W
LVDVWUDWHJ\WRPRGHOWKHFKDQJHVRIWKHK\GUDXOLFV\VWHPVWDWHRYHUWLPH7KHVHFKDQJHVDUHUHODWHGWRERXQGDU\
FRQGLWLRQVVXFKDVUHTXLUHGGHPDQGVYROXPHVLQ'7OHYHOVRIWDQNVVWDWXVRISXPSVVWDWXVRIYDOYHVHWF7KHUHIRUH
LQ(36HDFKVQDSVKRWUHSUHVHQWVWKHDYHUDJHK\GUDXOLFV\VWHPEHKDYLRULQWKHWLPHLQWHUYDO'7ZKLFKLVWKHVWHSVL]H
RIWKHVLPXODWLRQ7KHWLPHYDULDEOHWVLVKHUHDVVXPHGDVWKHVWDUWLQJWLPHRIHDFKVQDSVKRWZKLOHLWVHQGLQJWLPHLV
WV WV'7ZKLFKLVWKHWLPHYDULDEOHRIWKHVXFFHVVLYHVQDSVKRW
7KHPDWKHPDWLFDO IRUPXODWLRQRI D VQDSVKRW DW WLPH WV IRU D JLYHQK\GUDXOLF V\VWHPFRPSRVHGRIQS SLSHVQQ
LQWHUQDOQRGHVDQGQUHVHUYRLUVLVEDVHGRQQSQQHQHUJ\DQGPDVVEDODQFHHTXDWLRQV
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ZKHUHWV GLVFUHWHWLPHYDULDEOHUHODWHGWRWKHVWKVQDSVKRWRIWKHK\GUDXOLFFRQGLWLRQLQWV'74S >QS@FROXPQ
YHFWRURIXQNQRZQSLSHIORZUDWHVYDU\LQJRYHUWLPHWV+Q >QQ@FROXPQYHFWRURIXQNQRZQQRGDOKHDGVYDU\LQJ
RYHUWLPHWV+ >Q@FROXPQYHFWRURINQRZQQRGDOKHDGVRIUHVHUYRLUVYDU\LQJRYHUWLPHWV9Q GQ'7 >QQ@
FROXPQYHFWRURIYROXPHVDYHUDJHGHPDQGSHU'7RIZDWHUZLWKGUDZDOVLQWKHQRGHVYDU\LQJRYHUWLPHWV'7 WLPH
LQWHUYDORIWKHUHDOK\GUDXOLFV\VWHPVQDSVKRW$SQ $7QSDQG$S WRSRORJLFDOLQFLGHQFHVXEPDWULFHVRIVL]H>QSQQ@
DQG>QSQ@UHVSHFWLYHO\GHULYHGIURPWKHJHQHUDOWRSRORJLFDOPDWUL[ƖSQ >$SQ æ$S@RIVL]H>QSQQQ@$IWHUZDUG
HDFK(36VQDSVKRWSURYLGHV4SWVDQG+QWV
,QSUHVVXUHGULYHQDQDO\VLVWKHZDWHUYROXPHV9Q+QWVWVLHWKHDYHUDJHGHPDQGVGQ+QWVWVRIHDFKGHPDQG
FRPSRQHQWDUHFRPSXWHGIRUHDFKWLPHZLQGRZ'7RIWKHVQDSVKRW
'HPDQGGULYHQDQDO\VLV''$DQGSUHVVXUHGULYHQDQDO\VLV3'$
,QWKHSDVWWKHK\GUDXOLFPRGHOLQJZDVJHQHUDOO\SHUIRUPHGXVLQJWKHDSSURDFKRISULRUIL[HGGHPDQGVLHIL[HG
YROXPHVLQWKHVLQJOHVQDSVKRWDOWKRXJKYDU\LQJRYHUWLPHW$VDFRQVHTXHQFHWKHILUVWIRUPRIWKHWZRPDVVEDODQFH
HTXDWLRQVLQZDVXVHG$VDUHVXOWWKHYROXPHVIL[HGGHPDQGVLQ'7GULYHWKHVROXWLRQ4SWV+QWVRIWKH
V\VWHPLQDQGWKHDQDO\VLVZDVQDPHGGHPDQGGULYHQ''$JHQHUDOO\DSSOLHVZKHQ WKHQRGDOYROXPHVFDQEH
IL[HGEHFDXVHNQRZQDSULRULRUZKHQWKH\DUHDVVXPHG5HFHQWO\K\GUDXOLFPRGHOLQJLVSHUIRUPHGXVLQJWKHPRVW
UHDOLVWLFDVVXPSWLRQRIDGHPDQGRUYROXPHGHSHQGHQF\RQSUHVVXUHDQGWLPHWLHGQ+QWVWVRU9Q+QWVWV$VD
FRQVHTXHQFHWKHVHFRQGIRUPRIWKHPDVVEDODQFHVLQLVXVHG7KHUHIRUHWKHSUHVVXUHVGULYHWKHVROXWLRQ4SWV
+QWVRIWKHV\VWHPLQDQGWKHDQDO\VLVLVQDPHGSUHVVXUHGULYHQ
6WHDG\VWDWHDVVXPSWLRQ
+\GUDXOLFPRGHOLQJLVSHUIRUPHGDVVXPLQJWKDWDUHDOK\GUDXOLFV\VWHPLVLQDVWHDG\VWDWHFRQGLWLRQLQHDFKWLPH
LQWHUYDO'7ZKLOVWWKHVHVWHDG\VWDWHFRQGLWLRQVYDU\RYHUWLPHHDFK'77KXVK\GUDXOLFPRGHOLQJDVVXPHVLQHDFK
VQDSVKRWVORZWLPHYDU\LQJERXQGDU\FRQGLWLRQVVXFKDVGHPDQGVZDWHUWDQNOHYHOVZRUNLQJFRQGLWLRQDQGVWDWHRI
FRQWUROYDOYHVHWF8QGHUWKHVHDVVXPSWLRQVWKHLQHUWLDODQGG\QDPLFHIIHFWVDUHFRQVLGHUHGQHJOLJLEOHDQGDUHQRW
FRQVLGHUHGLQWKHK\GUDXOLFPRGHO1HYHUWKHOHVVDWDVPDOOHUWLPHDQGVSDWLDOVFDOHVVRPHGHPDQGVDUHDFWXDOO\SXOVHV
KDYLQJDYROXPHDQGDVWRFKDVWLFEHKDYLRU HJGXH WRDFXVWRPHUXVHRID IDXFHWZKLOHRWKHUGHPDQGVDUHXQLW
YROXPHVRQWLPHIURPFRQWLQXRXVIORZVHJEDFNJURXQGOHDNDJHRXWIORZV>@
7KH PRGHO YROXPHV DUH DFWXDOO\ D VXPPDWLRQ RI GHPDQG FRPSRQHQWV UHODWHG WR WKH ZDWHU ZLWKGUDZDOV IURP
GLIIHUHQWW\SHVRIRULILFHV>@IRUH[DPSOHWZRW\SLFDOFRPSRQHQWVDUHWKHFXVWRPHUGHPDQGVDQGWKHEDFNJURXQG
OHDNDJHVDQGWKHUHODWHGYROXPHVDUH9QFXVW GQFXVW'7DQG9QOHDNVW GQOHDNV'7UHVSHFWLYHO\
:DWHUTXDOLW\DQDO\VLV
2QFHVWHDG\VWDWHPRGHOOLQJLVSHUIRUPHGLQRUGHUWRSUHGLFWWKHK\GUDXOLFV\VWHPEHKDYLRURYHUWLPHWKHIORZUDWH
DWHDFKWV4NWVLVNQRZQDQGLQ3'$WKHDFWXDOFXVWRPHUGHPDQGVLQSUHVVXUHGHILFLHQWFRQGLWLRQVDQGEDFNJURXQG
OHDNDJHVDUHFRPSXWHG>@&OHDUO\WKH\GHSHQGRQWRWKHV\VWHPERXQGDU\FRQGLWLRQVLQWV'7
,Q RUGHU WR SHUIRUPZDWHU TXDOLW\PRGHOOLQJZLWK WKH EDVH K\GUDXOLFV RI WKH V\VWHP EHKDYLRU DW WV WKH SDUWLDO
GLIIHUHQWLDOHTXDWLRQRIWKHDGYHFWLYHWUDQVSRUWZLWKLQSLSHV>@LVXVHG
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ZKHUH&N>JP@ FRQFHQWUDWLRQRIWKHVXEVWDQFHWUDYHOOLQJLQWRWKHNWKSLSHRIWKHQHWZRUNLQJHQHUDODPDVVYROXPH
XQLWYNWV>PV@ IORZYHORFLW\ 4NWV$N IORZSLSHFURVVVHFWLRQDODUHDLQWRWKHNWKSLSHUHODWHGWRWKHVQDSVKRW
WVUN UHDFWLRQUDWHRIWKHNLQHWLFRIWKHWUDYHOOLQJVXEVWDQFHDQGD H[SRQHQWRIWKHNLQHWLFRIWKHVXEVWDQFH7KH
GLPHQVLRQRIUNLV>V@LQWKHFDVHRIILUVWRUGHUNLQHWLFD RWKHUZLVHLWGHSHQGVRQWKHRUGHU
7KHDQDO\WLFDOVROXWLRQRIWKH(TH[LVWVIRUWKHD 
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ZKHUHW[YWV WLPHLQWHUYDORIWKHLQWHJUDWLRQ
$VVXPHGDVRXUFHPDVVHQWHULQJLQWRWKHK\GUDXOLFV\VWHPRYHUWLPHDQGWKHNLQHWLFRIWKHVXEVWDQFHZDWHUTXDOLW\
DQDO\VLVLVJHQHUDOO\SHUIRUPHGLQRUGHUWRFRPSXWH
x WKHWRWDODPRXQWRIWKHPDVVRXWSXWVIURPQRGHVDVVXPLQJDERXQGDU\FRQGLWLRQ,HWKHPDVVRXWSXWVIURP
QRGHVZLWKRXWDFFRXQWLQJIRUWUDYHOOLQJWLPH
x WKHWRWDODPRXQWRIWKHPDVVRXWSXWVIURPQRGHVHJDIWHUHDFKWLPHLQWHUYDO7,HWKHWLPHSDWWHUQRIWKH
VXEVWDQFHDUULYDOVLQQRGHVLQWHJUDWHGLQ77KHV\VWHPERXQGDU\FRQGLWLRQFRXOGYDU\RUQRWDQG7XVXDOO\
HTXDOV'7
,QVWHDGDJHDQGWKHWUDFHRIWKHZDWHUDUHVSHFLILFDQDO\VHV7KH\DUHQRWUHODWHGWRDUHDOVXEVWDQFHWUDYHOOLQJLQWR
WKHQHWZRUNDQGDUHXVHGLQRUGHUWRXQGHUVWDQGWKHK\GUDXOLFV\VWHPVEHKDYLRU
,QIDFWWKHDLPRIWKHZDWHUDJHDQDO\VLVLVWKHFDOFXODWLRQIRUHDFKQRGHRIWKHZHLJKWHGDJHRIWKHZDWHUSDVVLQJ
IURPWKHDVVXPHGVRXUFHDQGUHDFKLQJQRGHVWKURXJKWKHGLIIHUHQWSDWKVZKRVHOHQJWKLVYDULDEOHDQGGHSHQGHQWRQ
SLSHIORZYHORFLWLHV7KHSDWKVFRQQHFWLQJHDFKQRGHZLWKWKHVRXUFHVFRQWULEXWHDFFRUGLQJWKHWRWDOWUDYHOOLQJWLPH
DQGYROXPHRIWKHZDWHUWRWKHQRGDOZDWHUDJH
7KHDLPRIWKHZDWHUWUDFHDQDO\VLVLVWKHFDOFXODWLRQIRUHDFKQRGHRIWKHIUDFWLRQRIZDWHUYROXPHIORZRIWKH
FXVWRPHUGHPDQGVZKLFKSDVVHGIURPWKHDVVXPHGVRXUFH
,QERWKWKHDQDO\VHVZDWHUDJHDQGWUDFHLWLVRILQWHUHVWWKHDQDO\VLVRIWKHVWDWLRQDU\FRQGLWLRQZKHQDSSO\LQJ
WKH(T,HZHVLPXODWHWKHZDWHUTXDOLW\RIDWUDYHOOLQJVXEVWDQFHFKHPLFDOLQRUGHUWRDFKLHYHWKHWRWDOPDVV
RXWSXWVZKLFKLVWKHZDWHUDJHRUWUDFHLQVSHFLDOFDVHVRI(TDVDERYHUHSRUWHGDVVXPLQJDERXQGDU\FRQGLWLRQ
RIWKHK\GUDXOLFV\VWHP
:DWHUDJHWUDFHDQGWRWDODPRXQWRIVXEVWDQFHPDVV
,Q WKHFDVHZHDUHRQO\ LQWHUHVWHG WR WKH WRWDODPRXQWRI WKHPDVVRXWSXWV IURPQRGHVRI WKHHQWHUHGVXEVWDQFH
DQGRUWRZDWHUDJHWUDFHPRGHOOLQJLWLVSRVVLEOHWRDVVXPH7NW /NYNW WUDYHOOLQJWLPHRIWKHZDWHULQWRWKHNWK
SLSHUHODWHGWRWKHVQDSVKRWFRQGLWLRQVWDQGZULWH
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ZKHUHWKHYDULDEOHDJH>WLPH@DQGWU>GLPHQVLRQOHVV@DUHLQWURGXFHGIRUZDWHUDJHDQGWUDFHDQDO\VHVUHVSHFWLYHO\
$VVXPHGWKHK\GUDXOLFVWDWXVRIWKHV\VWHPLQDVWHDG\VWDWHVQDSVKRWW(TVDQGWKHDQDO\VLVRIWKHQHWZRUN
GLUHFWHGJUDSKDOORZFRPSXWLQJWKHQRGDOZDWHUDJHWUDFHDQGWKHWRWDODPRXQWRIPDVVRXWSXWVIRUUHDOVXEVWDQFHV
7RWKHSXUSRVHRIWKHDQDO\VLVWKHFRPSOHWHPL[LQJLQLQWHUQDOQRGHVLVDVVXPHG
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ZKHUH&M VXEVWDQFHFRQFHQWUDWLRQRUZDWHUDJHWUDFHLQWKHPL[LQJMWKQRGH4N NWKSLSHIORZUDWHRISLSHV
LQFLGHQWWKHQRGHM,M VHWRISLSHVLQFLGHQWWKHQRGHMZLWKIORZVHQWHULQJWKHQRGHMGMH[W LQIORZDWWKHQRGHMLI
DQ\KDYLQJYDOXH&MH[W
1RWH WKDW IRUZDWHUDJH WKHVRXUFHVRI WKHDQDO\VLVDUHVLPSO\ LQLWLDOL]HGZLWK WKHFRPSXWDWLRQDOHQYLURQPHQW
SUHFLVLRQHJ[LQ0DWODEZKLOHWKHLQLWLDOL]DWLRQRIWKHZDWHUWUDFHLVSHUIRUPHGHQWHULQJDFRQFHQWUDWLRQHTXDO
WRRUWRVRXUFHV)LQDOO\DOVRIRUWDQNVWKHFRPSOHWHPL[LQJLVDVVXPHGDOWKRXJKPRGHOOLQJWKHPLQ:41HW;/
WDNHVDGYDQWDJHRIDPRUHFRPSOHWHPDVVEDODQFH>@ZLWKUHVSHFWWRFODVVLFPRGHOOLQJRIWDQNVHJLQ(3$1(7>@
,W LVZRUWKQRWLQJ WKDW WKHFDOFXODWLRQRI WKH VWDWLRQDU\FRQGLWLRQRIZDWHUTXDOLW\YDU\LQJ WKHK\GUDXOLFV\VWHP
ERXQGDU\FRQGLWLRQVRYHUWLPHWVLHLQ(36FDQEHFRPSXWHGIRUHDFKWLPHVWHSVHSDUDWHO\XVLQJWKHSULQFLSOHRI
VXSHULPSRVLWLRQRIHIIHFWVEHLQJ(TOLQHDU,QIDFWLQVWDWLRQDU\FRQGLWLRQVHJWKHZDWHUDJHDWHDFKWVZLOOYDU\
DFFRUGLQJWRWKHVWDWLRQDU\FRQGLWLRQFRPSXWHGIRUHDFKWV
0RGHOOLQJWUDQVSRUWRIWKHPDVV
:KHQWKHWUDQVSRUWRIWKHPDVVIURPVRXUFHVWRQRGHVIRUDJLYHQVQDSVKRWFRQGLWLRQVWVLVPRGHOHGZHDVVXPH
WKDWWKHK\GUDXOLFFRQGLWLRQLQWV'7LVPDLQWDLQHGRYHUWLPHDQGWKHWRWDODPRXQWRIWKHPDVVRXWSXWVIURPQRGHV
DIWHUHDFK7LHWKHWLPHSDWWHUQRIWKHVXEVWDQFHDUULYDOVLQQRGHVLQWHJUDWHGLQWRHDFK7LVFRPSXWHG
7RWKLVSXUSRVH/DJUDQJLDQWLPHEDVHGDSSURDFKWRWUDFNWKHIDWHRIGLVFUHWHSDUFHOVRIZDWHUDVWKH\PRYHDORQJ
SLSHVDQGPL[WRJHWKHUDWMXQFWLRQVDQGWDQNVEHWZHHQIL[HGOHQJWKWLPHVWHSV>@XVLQJWUDYHOOLQJSDUFHOVDQGDWD
IUDFWLRQRI7LVXVHGDVLQ>@WLVWKHZDWHUTXDOLW\WLPHVWHSLQ:41HW;/IL[HG7PLQIRUWKHSLSHVZKRVH
WUDYHOWLPH7NLVVKRUWHUWKDQ7PLQ7NLVIL[HGHTXDOWR7PLQ7KLVLVDQDSSUR[LPDWLRQHUURUPDNLQJVORZHU
WKHSURSDJDWLRQZKLOVWWKHVXEVWDQFHPDVVEDODQFHRIWKHZDWHUTXDOLW\DQDO\VLVKDVWKHVDPHRUGHURIDSSUR[LPDWLRQ
RIWKHEDVHK\GUDXOLFV
*HQHUDOO\LWLVDVVXPHG7 '7LHWKHEDVHK\GUDXOLFVLVFRPSXWHGFRQVLGHULQJWKHILOOLQJHPSW\LQJRIWDQNVLQD
VQDSVKRW'7ZKLFKHTXDOVWKHLQWHJUDWLRQWLPH7IRUVXEVWDQFHSDWWHUQLQQRGHV
:KHQ WKH VXEVWDQFHSDWWHUQ LQQRGHV LVFRPSXWHGFRQVLGHULQJ(36 LW LVDVVXPHG WKDW WKHERXQGDU\FRQGLWLRQV
YDU\LQJRYHUWLPHLVDVWDQGDUGF\FOHDQGDWHDFK'7WKHYDULDEOHGHSHQGLQJRQWQHHGWREHXSGDWHGLQZDWHUTXDOLW\
HTXDWLRQV>@
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:DWHUTXDOLW\RIWKH$SXOLDQQHWZRUNXVLQJ:41HW;/
:HKHUHXVHWKH$SXOLDQQHWZRUNVHH*LXVWROLVLHWDO>@IRUIXUWKHUGHWDLOVLQRUGHUWRVKRZWKHVWUDWHJ\GHVFULEHG
LQWKHSUHYLRXVVHFWLRQ7KHPLQLPXPUHTXLUHGSUHVVXUHIRUDQ\VHUYLFHDQGIRUDFRUUHFWVHUYLFHZHUHDVVXPHGHTXDO
WRDQGPUHVSHFWLYHO\DQGNHSWFRQVWDQWWKURXJKWKHQHWZRUN7KHSDUDPHWHUVRI*HUPDQRSRXORV
PRGHO>@IRU
EDFNJURXQGOHDNDJHVZHUHVHWHTXDOWRD DQGE îIRUWKHHQWLUHQHWZRUNLHDOHDNDJHOHYHOHTXDOWR
DERXWRIFXVWRPHUEDVHGGHPDQG
,WZDVDVVXPHGDWDQNLQWKHQRGHKDYLQJDVHFWLRQDODUHDRIPLQLWLDOOHYHODWPFRPSULVHGWKH
HOHYDWLRQVPDQGPPLQLPXPDQGPD[LPXPOHYHOUHVSHFWLYHO\7KHWDQNLVILOOHGE\DQH[WHUQDOSLSHZLWK
DGLVFKDUJHHTXDOWROV>@,QIDFWWKHOHYHORIWKHWDQNLVKLJKHUWKDQWKHOHYHORIWKHUHVHUYRLU P)LJ
UHSRUWVWKHQHWZRUNOD\RXWDQGWKHGDLO\SDWWHUQRIWKHFXVWRPHUGHPDQGIDFWRUV


)LJ1HWZRUNOD\RXWDQGGHPDQGWLPHSDWWHUQ
:41HW;/V\VWHP
$VUHSRUWHG LQ WKH,QWURGXFWLRQ:41HW;/ZRUNV LQ06([FHOHQYLURQPHQW7KHQHWZRUNFDQEHGRZQORDGHG
IURPDVWDQGDUG³LQS´ILOHJHQHUDWHGE\(3$1(7DQGWKHGDWDDERXWSLSHVQRGHVDVVHWHWFDUHZULWWHQLQWRVKHHWV
RIDWHPSODWH7KHSURFHGXUHDOVRVHWVWKHGDWDRIWKHQHWZRUNIRUK\GUDXOLFDQGZDWHUTXDOLW\DQDO\VHVWHPSODWHZKLFK
DUHIXQFWLRQVGHILQHGLQWRWKHDGGLQVJURXSHGLQWRWKUHHVKHHWVDVLQ)LJ
,QIDFW WKHVKHHWQDPHG:41HW;/6\VWHPB$QDO\VLV VHH)LJFRQWDLQV WKHIXQFWLRQVUHODWHG WR WKHK\GUDXOLF
DQDO\VLVVLQJOHVLPXODWLRQDQGH[WHQGHGSHULRGVLPXODWLRQ(36XVLQJ''$RU3'$DQGWKHIDLOXUHDQDO\VLVZLWK
YDOYHVKXWGRZQV7RWKLVSXUSRVH WKHIXQFWLRQRIWKHODEHOYDOYHV\VWHP LQ)LJDOORZVWKHDQDO\VLVRIVHJPHQWV
JHQHUDWHGE\WKHLVRODWLRQYDOYHV\VWHPWKDWFDQEHVHWLQWKHVKHHWSLSHV


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
)LJ+\GUDXOLFDQGWRSRORJLFDODQDO\VHVLQ:41HW;/

)LJ:DWHUTXDOLW\DQDO\VLVLQ:41HW;/

)LJ:DWHUTXDOLW\DQDO\VLVLQ:41HW;/
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7KHVKHHWVQDPHG:41HW;/$QDO\VLVDQG:41HW;/)DLOXUHB$QDO\VLVVHH)LJDQGFRQWDLQVWKHIXQFWLRQV
UHODWHGWRZDWHUTXDOLW\ZKLFKDUHEDVHGRQWKHK\GUDXOLFDQDO\VLVVHHIXQFWLRQVLQ:41HW;/6\VWHPB$QDO\VLV7KH\
GLIIHUIRUWKHSRVVLELOLW\WRSHUIRUPZDWHUTXDOLW\DQDO\VHVDVVXPLQJRUQRWDIDLOXUHVFHQDULRLHWKHK\GUDXOLFEDVH
DQDO\VLVLVSHUIRUPHGFRQVLGHULQJWKHWRSRORJLFDOPRGLILFDWLRQVGXHWRYDOYHVKXWGRZQVLQRUGHUWRLVRODWHIDLOHGSLSHV
>@7KHIXQFWLRQVLQ:41HW;/$QDO\VLVDQG:41HW;/)DLOXUHB$QDO\VLVDUHWKHDQDO\VHVRIWKHVWDWLRQDU\FRQGLWLRQ
ERWKFRQVLGHULQJVWHDG\VWDWH66DQG(36K\GUDXOLFVDVLQ)LJDQGIRUZDWHUWUDFHDQGDJHDQGDOVRIRUFKORULQH
RUDQ\VXEVWDQFHVHHVHFWLRQ7KHUHDFWLRQUDWHURIWKHVXEVWDQFHWREHXVHGLQWKHNLQHWLFRIWKHWKLUGRI(TFDQ
EHJLYHQDVVXPRIWKHZDOODQGEXONUDWHDVLQ(3$1(7>@$OOWKLVIXQFWLRQVDOORZZULWLQJUHVXOWVLQ06([FHOE\
PHDQVRIWHPSODWHVDQGLQ0DWODE)XUWKHUPRUHDPRYLHRIWKHZDWHUTXDOLW\DQDO\VLVLVJHQHUDWHGLQWKHFDVHRI(36
)LQDOO\:41HW;/$QDO\VLVDQG:41HW;/)DLOXUHB$QDO\VLVFRQWDLQRQHIXQFWLRQWRDQDO\VHWKHWUDQVSRUWSURFHVV
LQWRWKHQHWZRUNRIDQ\VXEVWDQFHIRUDJLYHQNLQHWLFV
:DWHUDJHDQGWUDFHLQ$SXOLDQQHWZRUN
,QRUGHUWRVKRZ:41HW;/IHDWXUHVZHKHUHUHSRUWWKHZDWHUDJHDQGWUDFHDQDO\VHVLQ(36FRQVLGHULQJDIDLOXUH
VFHQDULRLHYDOYHVKXWGRZQV,WLVDVVXPHGWKDWWKHSLSHIDLOVWKHUHIRUHWKHVHJPHQWDQDO\VLVUHSRUWHGLQ)LJ
DOORZVLVRODWLQJWKHVHJPHQWRIWKHIDLOHGSLSHWKHUHGVHJPHQWLQWKHILJXUH


)LJ,VRODWLRQYDOYHV\VWHPVHJPHQWV
7KHDJHDQDO\VLVLQ)LJUHSRUWVWKHZHLJKWHGDYHUDJHDJHRIZDWHUXQGHUWKHIDLOXUHVFHQDULRUHTXLULQJWKHYDOYH
VKXWGRZQVWRLVRODWHWKHVHJPHQWRISLSHVDQGVHH)LJ7KHZDWHUDJHLVSHUIRUPHGFRQVLGHULQJWKHVRXUFHV
RIZDWHUWDQNDQGUHVHUYRLUDVLQ)LJ)LJVKRZVDVWKHZDWHULQWKHWDQNQRGHKDVDJHRIDERXWKZKLFK
LVFRQVLVWHQWZLWKWKHIDFWWKDWWKHWDQNLVILOOHGZLWKIUHVKZDWHU7KHUHDUHWKUHHQRGHVDQGRI)LJKDYLQJ
DKLJKDJHRIWKHZDWHUDERXWKEHLQJWKHQHWZRUNXQGHUSUHVVXUHGHILFLHQWFRQGLWLRQLQWKDWVHFWLRQLHWKHZDWHU
WUDYHOVZLWKORZYHORFLWLHV,QIDFWWKRVHWKUHHQRGHVDUHVXSSOLHGE\WKHWDQNLQVWHDGRIWKHUHVHUYRLUDVLQDQRUPDO
FRQGLWLRQGXHWRWKHWRSRORJLFDOPRGLILFDWLRQZKLFKVLJQLILFDQWO\FKDQJHVWKHV\VWHPK\GUDXOLFV
,Q RUGHU WR FRQILUP WKH DERYH VWDWHPHQW DQG WKH LPSRUWDQFH RI WKH FRUUHFW K\GUDXOLF SUHGLFWLRQ RI WKH V\VWHP
EHKDYLRU)LJVKRZVWKHVDPHDQDO\VLVLQDQRUPDOZRUNLQJFRQGLWLRQLHZLWKRXWIDLOXUHRISLSH7KHQRGHV
IURPVHH)LJKDYHDORZHUZDWHUDJHKYVKEHFDXVHWKHIORZUDWH
DQGYHORFLWLHVDUHKLJKHUEHLQJQRWWKHK\GUDXOLFV\VWHPLQDSUHVVXUHGHILFLHQWFRQGLWLRQIRUWKRVHQRGHV,QIDFWWKH
UHVHUYRLUVXSSOLHVWKHZDWHUWRWKDWVHFWLRQRIWKHQHWZRUNGLIIHUHQWO\IURPWKHSUHYLRXVFDVH

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)LJ:DWHUDJHDQDO\VLVXQGHUWKHFRQVLGHUHGIDLOXUHVFHQDULR
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UHSRUWWKHZDWHUWUDFHDQDO\VHVUHODWHGWRWKHWDQNDQGUHVHUYRLULQWKHVDPHK\GUDXOLFFRQGLWLRQV7KH
DQDO\VLVLVFRQVLVWHQWZLWKWKHZDWHUDJHEHFDXVHLWLQGLFDWHVWKDWWKHWDQNGHOLYHUVWKHZDWHUWRDODUJHSRUWLRQRIWKH
QHWZRUNVHH)LJZKLOHWKHUHVHUYRLUVVXSSOLHVDVPDOOSRUWLRQRIWKHQHWZRUNGXHWRWKHIDLOXUHHYHQWRQSLSH
ZKLFKH[FOXGHVDUHOHYDQWSDWKWRGHOLYHUZDWHUIURPWKHUHVHUYRLU
&RQFOXGLQJUHPDUNV
7KHZRUNKDVSUHVHQWHG:41HW;/ZKLFKLVDFROOHFWLRQRI06([FHODGGLQVIRUZDWHUTXDOLW\DQDO\VHVRIZDWHU
GLVWULEXWLRQQHWZRUNV:'1V7KHXVHUIULHQGO\HQYLURQPHQWDOORZVMXVWLQWLPHUHVHDUFKWUDQVIHUWRVWXGHQWVDQG
WHFKQLFLDQV VRPHWLPHV DQWLFLSDWLQJ UHVHDUFK SXEOLFDWLRQV DQG HPEHGV WKH UHFHQW DGYDQFHV LQ K\GUDXOLF DQDO\VHV
DOUHDG\LPSOHPHQWHGLQ:'1HW;/
271 L. Berardi et al. /  Procedia Engineering  89 ( 2014 )  262 – 272 

)LJ:DWHUWUDFHDQDO\VLVZLWKUHVSHFWWRWDQN

)LJ:DWHUWUDFHDQDO\VLVZLWKUHVSHFWWRUHVHUYRLU
$FNQRZOHGJHPHQWV
7KHUHVHDUFKUHSRUWHGLQWKLVSDSHUZDVIRXQGHGE\WKH,WDOLDQ6FLHQWLILF5HVHDUFK3URJUDPRI1DWLRQDO,QWHUHVW
35,1³7RROVDQGSURFHGXUHIRUDGYDQFHGDQGVXVWDLQDEOHPDQDJHPHQWRIZDWHUGLVWULEXWLRQQHWZRUNV´
5HIHUHQFHV
>@ :'1HW;/D06([FHOEDVHGWRROIRU:'1DQDO\VLVZZZK\GURLQIRUPDWLFVLW
>@ /$5RVVPDQ(3$1(7XVHU¶VPDQXDO86(QYLURQPHQWDO3URWHFWLRQ$JHQF\&LQFLQQDWL2+
>@ 2*LXVWROLVL70:DOVNL'HPDQG&RPSRQHQWVLQ:DWHU'LVWULEXWLRQ1HWZRUN$QDO\VLV-:DWHU5HV3OQJDQG0DQDJH
±
>@ **HUPDQRSRXORV$WHFKQLFDOQRWHRQWKHLQFOXVLRQRISUHVVXUHGHSHQGHQWGHPDQGDQGOHDNDJHWHUPVLQZDWHUVXSSO\QHWZRUNPRGHOV&LYLO
(QJ6\VW±
>@ 2*LXVWROLVL'$6DYLF=.DSHODQ3UHVVXUH'ULYHQ'HPDQGDQG/HDNDJH6LPXODWLRQIRU:DWHU'LVWULEXWLRQ1HWZRUNV-+\GU(QJ
±
272   L. Berardi et al. /  Procedia Engineering  89 ( 2014 )  262 – 272 
>@ -0:DJQHU86KDPLU'+0DUNV:DWHUGLVWULEXWLRQV\VWHPVUHOLDELOLW\VLPXODWLRQPHWKRGV-:DWHU5HV3OQJDQG0DQDJH
±
>@ (7RGLQL$PRUH UHDOLVWLFDSSURDFK WR WKH³H[WHQGHGSHULRGVLPXODWLRQ´RIZDWHUGLVWULEXWLRQQHWZRUNV ,Q0DNVPRYLF&%XWOHU'	
0HPRQ)$HGV$GYDQFHVLQ:DWHU6XSSO\0DQDJHPHQW$$%DONHPD3XEOLVKHUV/LVVH7KH1HWKHUODQGVSS±
>@ 2*LXVWROLVL/%HUDUGL'/DXFHOOL0RGHOLQJORFDOZDWHUVWRUDJHVGHOLYHULQJFXVWRPHUGHPDQGVLQ:'1PRGHOV-+\GU(QJ
±
>@ 2*LXVWROLVL/%HUDUGL'/DXFHOOL$FFRXQWLQJIRUGLUHFWLRQDOGHYLFHVLQ:'1PRGHOLQJ-+\GU(QJ±
>@2*LXVWROLVL'$6DYLF,GHQWLILFDWLRQRIVHJPHQWVDQGRSWLPDOLVRODWLRQYDOYHV\VWHPGHVLJQLQZDWHUGLVWULEXWLRQQHWZRUNV8UEDQ:DWHU
-±
>@/$5RVVPDQ50&ODUN:0*UD\PDQ0RGHOLQJFKORULQHUHVLGXDOVLQGULQNLQJZDWHUGLVWULEXWLRQV\VWHPV-(QY(QJ
±
>@/$5RVVPDQ3)%RXORV1XPHULFDOPHWKRGVIRUPRGHOLQJZDWHUTXDOLW\LQGLVWULEXWLRQV\VWHPV$FRPSDULVRQ-:DWHU5HV3OQJDQG
0DQDJH±
>@/$5RVVPDQ:0*UD\PDQ6FDOHPRGHOVWXGLHVRIPL[LQJLQGULQNLQJZDWHUVWRUDJHWDQNV-(QY(QJ±
>@2*LXVWROLVL/%HUDUGL'/DXFHOOL*HQHUDOL]LQJ:'1VLPXODWLRQPRGHOVWRYDULDEOHWDQNOHYHOV-+\GURLQI±

